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(54) Fuel supply system and vehicle 

(57) The Invention relates to a fuel supply system 
comprising an air intake chamber (5b) having an air inlet 
opening, an air intake path (9) including an aperture 
(24a,42a) that opens towards an Inside of the air Intake 
chamber (5b) for guiding the air in the air intake chamber 
(5b) from the aperture (24a,42a) to an engine (1 3), and 
an Injector (18) for injecting fuel between the air inlet 
opening and the aperture (24a,42a). 

The Invention aims to provid e an improved lu el sup- 



ply system and a vehicle, wherein an engine perform- 
ance can be improved with sufficient fuel supply when 
an engine Is at the high speed and high load operation. 

Therefore, the invention provides that In the air in- 
take path (9), an inner surface of the aperture (24a,42a) 
is continuous to a bottom surface (4d,4e) of the air intake 
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Description 

[0001] me invention relates to a fuel supply system 
comprising an air intake chamber having an air inlet 
opening, an air Intake path including an aperture that 
opens towards an inside Df the air intake chamber Tor 
guiding the air in the air Intake chamber (ram the aper- 
ture to an engine, and an injector for injecting fuel be- 
tween the air inlet opening and the aperture. Besides, 
the invention relates to a vehicle, in particular being a 
straddle-typo vehicle, comprising an engine and a fuel 
supply system. 

[0OQ2] Aconventional Injectorforlnjectingfuel isgen- 
erally placed downstream of a throttle valve in the airflow 
direction. Here, the throttle valve is provided to an air 
intake path that is directed from an air cleaner to an en- 
gine. The problem here Is that such an injector (herein- 
after, referred to as "downstream injector") is located 
closer to the engine, and thus the fuel injected from the 
downstream injector may flow into the engine without 
being fully atomized. Therefore, for the purpose of facll- 
itatingfuel atomization, aposslblefuel supply system is 
of a type Including an injector at a position away from 
an engine. 

[0003] Specifically when the engine is at the high 
speed and high load operation, a downstream Injector 
is not enough for fuel supply, requiring another injector 
upstream of a throttle valve In the airflow direction (here- 
inafter, such an injector Is referred to as "upstream in- 
jector). In such a fuel supply system, when the engine 
is at the high speed and high load operation, the fuel is 
injected not only from the downstream injector but also 
from the upstream injector. 

[0004] With this being the case, not to make the air 
intake path longer than necessary even with the up- 
stream Injector, a possible structure carries the up- 
stream injector inside of an air cleaner as it Is shown, 
for example, in JP-A-07-332208. 
[0005] FIG, 13 Is a diagram showing the structure of 
such a fuel supply system. As shown In the drawing, in 
the conventional fuel supply system, a downstream in- 
jector 102 is placed downstream of a throttle valve 108 
of a throttle body 1 0B, which serves as an air intake path. 
Upstream of the throttle valve 1 08, an upstream injector 
1 04 is placed inside of an air cleaner 1 00. 
[0006] In a case of such a placing an upstream injec- 
tor, a consideration has to be given to the fact that the 
fuel injected from the upstream injectorwill splash (here- 
inafter, referred to as "bubble over") outside of the air 
intake path due to air turbulence in the air cleaner, for 
example. There thus needs to suppress the amount of 
fuel coming from the upstream injector, or to bring the 
upstream injector closer to an aperture of the air intake 
path. 

[0007] The issue here is that suppressing the amount 
of fuel coming from the upstream injector may result in 
shortage of fuel supply to the engine, and bringing the 
upstream injector closer to an aperture of the air intake 



path may not facilitate fuel atomization. That is, in spite 
of additionally including the upstream injector, the prob- 
lem remains that there Is no way of coping with the high 
speed and high load operation of the engine. 

s [0008] ltls,therefore,anobjectofthelnventiontopro- 
vide an Improved fuel supply system and a vehicle, 
wherein an engine performance can be improved with 
sufficient fuel supply when an engine is at the high 
speed and high load operation. 

w [0009] For a fuel supply system of the above kind, this 
object Is solved In an inventive mannor in that in the air 
intake path, an innor surface of the aperture is continu- 
ous to a bottom surface of the air intake chamber. 
[0010] Accordingly, the Invention Is capable of eliml- 

is natingthe need for suppressing the amount of fuel com- 
ing from the injector, or bringing the Injectorclosertothe 
aperture Df the air intake path, thereby successfully al- 
lowing sufficient fuel supply from the injector. Moreover, 
according to the invention, the fuel can be better atom- 

20 ized with the air intake chamber efficiently used In 
space. This thus favorably facilitates atomization of fuel 
to be Injected from the injector, and the engine perform- 
ance can be improved with sufficient fuel supply when 
the engine is at the high speed and high load operation. 

& [0011] In otherwords, according to the invention, fuel 
coming from the injector can be better atomized, and 
the engine performance can be improved with sufficient 
fuel supply when the engine is at the high speed and 
high load operation. 

30 [0012] Preferably.thelnjectorlsprovldedinsldeoflhe 
air Intake chamber, and/or In that in the air Intake cham- 
ber, the bottom surface Is sloped downwardly towards 
an outer edge of the aperture of the air Intake path, 
wherein preferably the bottom surface Is sloped at an 
as angle or 45 degrees or less with respecl to a horizontal 

[0013] Further, preferably the air intake chamber is 
configured to be capable of producing an airflow by the 
air from the air Inlet opening along the bottom surface 

io toward the aperture. 

[0014] Furthermore, preferably the air intake path 
comprises aconnectlon memberthat forms the aperture 
which preferably goes through the bottom surface of the 
airintakechamberfrom an Inside of the air Intake cham- 

45 ber towards an outside thereof; and wherein preferably 
a tubular member configured to establish a connection 
with the connection member from the outside of the air 
intake chamber, and/or wherein preferably the connec- 
tion member is made of an elastic material. 

so [0015] Still further, preferably the injector is config- 
ured to Inject the fuel from a vicinity of the air inlet open- 
ing, and/or In that the injector is configured to inject the 
fuel toward the aperture. 

[0016] Also, preferably the injector Is configured to in- 
ss ject the fuel with a timing coming into collision with a 
Shockwave that Is generated in the engine and which 
propagates through the air intake path In a direction to- 
ward the air intake chamber, wherein preferably the in- 
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jectoris configured to inject the fuel with atlming coming 
Into collision with the shock wave propagated into the 
air intake chamber. 

[0017] Further, preferably the injector is configured to 
Inject the fuel with a timing when an air intake valve 5 
opens between the air intake path and the engine. 
[001 S] Also, preferably In the air inlake path, the ap- 
erture comprises a plurality of apertures being included 
In the air intake chamber, wherein preferably In the air 
Intake chamber, a bottom surface among the apertures 10 
is formed with an edge line, wherein further preferably 
in the air Intake chamber, an extended tlno of the edge 
line extends in a direction of the air Inlet opening. 
[0019] Further, preferably the air intake chamber is 
comprised In an aircleaner Including an element for pu- ts 
rifying air coming from outside, wherein preferably the 
element is provided upstream of the injectorwhich is ar- 
ranged to Inject fuel between the element (8) and the 
aperture. 

[0020] Furthermore, preferably in the air Intakecham- 2" 
ber, a bottom surface between the aperture and an Inner 
wall opposite to an element for purifying intake air, the 
bottom surface Including the aperture ol the air intake 
path therebetween is sloped downwardly towards the 
aperture. 2s 
[0021] Also, preferably thealrinletopenlngcomprises 
an air guide portion for guiding air at a section of the air 
Intake chamber being upstream of the aperture, where- 
in, preferably; at least a part of the air guide portion is 
provided upstream of the injector. so 
[0022] Additionally or alternatively to any of the other 
solutions or embodiments, the above object Is solved in 
an Invenllvs manner by providing an air Intake chamber 
Including an element for purifying air coming from out- 
side, and a through hole that Is Termed, to go Ihrough 35 
outside of the intake chamber, at a lowest portion of an 
Inner surface of the Intake chamber into which the air 
passed through the element flows, an air Intake path for 
guiding the air through the through hole from the air in- 
take chamber, and an injector for Injecting fuel inside of <to 
the air Intake chamber toward a portion upper than the 
through hole. 

[0023] According to a further preferred embodiment 
of the invention, the fuel supply system is configured 
such that the air intake chamber includes a small-dlarn- 45 
eter portion formed by an inner edge wall surface of a 
through hole protruding toward a center, and/or the air 
Intake path includes a connection member made of an 
elastic material, for attachment to the small-diameter 
portion and a tubular member for coupling to the con- so 
nection member. 

[00241 Still further, preferably the fuel supply system 
further Includes an engagement member for engaging 
between the air intake chamber and the air intake path, 
wherein atubularmemberof the intake path Is engaged ss 
by the engagement member from an inside of the air 
intake chamber, and/or In that a connection member 
connecting the air Intake path and the intake chamber 



Is partially held firmly by the small-diameter portion and 
the tubular member. 

[0025] Also, preferably a connection member in- 
cludes a protrusion that protrudes into the air intake 
chamber, and wherein preferably the protrusion covers 
at least partially Ihe engagement member. 
£0026] Further, preferably a second Injector is ar- 
ranged to inject fuel into the air Intake path at a position 
downstream of the aperture. 
[0027] Further, mo re preferably a throttle valve Is pro- 
vided, which is positioned downstream of the aperture 
and/or upstream of the second injector. 
[0028] Still further, preferably the injector Is provided 
to be located at least partially within the intake chamber. 
[0029] Moreover, preferably the injector is provided to 
be located at least partially outside the intake chamber. 
[0030] Also, preferably the Injector is provided to be 
located completely within the intake chamber. 
[O031] Besides, for a vehicle of the above kind, ihe 
above object is solved In an Inventive manner in that the 
fuel supply system Is configured according to at least 
one of the claims 1 to 20. 

[0032] Preferably, the vehicle further comprises an air 
Intake port for capturing a running wind flowing from 
front to rear when the vehicle moves, an air intake duct 
for forwarding the captured running wind to an air Inlet 
opening of Ihe air Intake chamber, and the air intake 
chamber preferably being placed rearwardly of the air 
intake port. 

[0033] Further preferred embodiments of the inven- 
tion are subject to the respective subclaims. 
[0034] In the following, the invention will be described 
in greater detail by means of preferred embodiments 
thereof with reference to the attached drawings, where- 
in: 

Fig. 1 is a side view of a vehicle according to em- 
bodiments of the present Invention; 

FIG. 2 is a cross sectional side view of a fuel supply 
system according to a first embodiment of the 
present Invention; 

FIG. 3 Is an enlarged cross sectional view in the vi- 
cinity of an airfunnel of the first embodiment; 

FIG. 4 is another enlarged cross sectional view in 
the vicinity of the air funnel of the first embodiment; 

FIG. 5 is a plan view of the bottom surface of an air 
cleaner of the first embodiment; 

FIG. 6 is a cross sectional view cut along the line l-l 
of the fuel supply system of the first embodiment; 

FIG. 7 is a perspective view of the bottom surface 
of the air cleaner of the first embodiment; 
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FiG. 8 Is a cross sectional view cut along the line 
ll-ll of the fuel supply system of the first embodi- 
ment; 

FIG. 9 Is another cross sectional side view of the 
Tuel supply system of the first embodiment; 

FIG. 10 is a cross sectional view cut along the line 
ll-ll of a fuel supply syslem according to a second 
embodiment of the present invention; 

FIG. 1 1 is a cross sectional vlow cut along the line 
l-l of the fuel supply system of the second embodi- 
ment; 

FIG. 12 Is another cross sectional view cut along 
the line l-l of the fuel supply system of the second 
embodiment; and 

FIG. 13 is a diagram showing an exemplary con- 
ventional fuel supply system. 

(0035] In the below, embodiments of the present in- 
vention are described In detail by referring to the accom- 
panying drawings. 

(First Embodiment) 

[0036] FIG, 1 Is a side view of an exemplary vehicle 
acco rdlng to afirst embodiment of the present invention. 
In the drawing, the left side viewed from the front Is the 
front side of the vehicle, and the right side viewed from 
the front Is the rear side of the vehicle, in FIG. 1, air 
captured by an air Intake port 1 goes through an air in- 
take duct 3 and reaches an air cleaner 5. The air is then 
purified by the air cleaner 5, and the resulting air is 
sucked into an air intake path 9 togeth er with fuel coming 
from an upstream injector unit 7. In the air Intake path 
9, another fuel then comes from a downstream Injector 
unit 11, and thus the air and fuel supply Is made to the 
engine 13 In the stroke thereof for air intake. Note here 
thatthe engine 13 In the present embodiment is presum- 
ably a parallel four-cylinder engine, and it means that 
four of the air intake path 9 are provided. 
[0037] In the enginB 1 3, thus supplied air and fuel are 
both compressed in the stroke for compression. After 
power is generated as a result of explosion in the stroke 
for combustion, the resulting power Is forwarded to an 
air exhaust path 15 In the stroke for air exhaust, The 
exhaust gas thus forwarded to the air exhaust path 15 
is exhausted outside from a muffler 17. 
[0038] In thefollowing description, the upstreamof an 
airflow directed from the air intake port 1 to the engine 
13 through both the air cleaner 5 and the air intake path 
9 is simply referred tD as upstream, and the downstream 
of such an airflow is simply referred to as downstream. 
[0039] FIG. 2 Is a side cross sectional view of the fuel 
supply system according to the first embodiment of the 



present invention. The fuel supply system of FIG. 2 
mainly includes the air cleaner 5, the upstream Injector 
unit 7, the air intake path 9, and the downstream injector 
unit 11. 

s [0040] The air cleaner 5 Is provided with an upper 
case 2, a lower case 4, an air Intake port cover 6, an 
element 8, and a sub chamber cover 1 0, 
[0041] The uppercase 2 forms the upper outer portion 
of the air cleaner 5, and carries a concave portion 2a at 

10 the front portion of the edge abutting the lower case 4 
to iatch with the lower case 4. The upper case 2 is, at 
the rear portion, provided also with holes for attachment 
of the sub chamber cover 1 0, and around the holes, at- 
tachment portions 2b and 2c are respectively formed. 

is To the attachment portion 2c that is located at the rear 
of the edge portion of the corresponding hole, the lower 
case 4 is also latched. 

[0042] The lower case 4 forms the lower outer portion 
of the air cleaner 5, and carries a convex portion 4a and 

2" a convex portion 4f at the edge portion abutting the up- 
per case 2. By these convex portions 4a and4f engaging 
with the concave portion 2a and the attachment portion 
2c of the uppercase 2, respectively, the upperand lower 
cases 2 and 4 are firmly fixed to each other. Such en- 

& gaged portions between the upper and lower cases 2 
and 4 are each sealed by a seal member so that the air 
cleaner 5 remains airtight. 

[0043] in the front portion of the lowercase4, an inner 
wall 4g extends toward inside of Ihe air cleaner 5, and 

30 whereby an air Intake port 4b is formed to guide the air 
coming from the air Intake duct 3. The air cleaner 5 is 
divided Into a front chamber 5a located before the inner 
wall 4g, and a main chamber 5b located behind ihe air 
Intake pon 4b. The air guidedfrom the air intake port 4b 

35 liows Into the main chamber 5b thai functions mostly as 
an air intake chamber so that an airflow Is produced 
therein. 

[00441 Between the air Intake port 4b and the main 
chamber 5b, the element 8 is laid across. An upper end 

<"> 8a of the element 8 Is firmly fixed to the upperend of the 
inner wall 4g by a bolt 1 2, and a lower end 8b ihereof Is 
engaged with a groove portion 4c of the lower case 4. 
Herein, the lower portion of the inner surface of the lower 
case 4 located behind the groove portion 4c, i.e., the 

4S Inner surface of the main chamber 5b in which the air- 
flow Is produced Is referred to as bottom surface. 
[0045] Between a bottom surface front portion 4d and 
a bottom surface rear portion 4e of the main chamber 
5b, provided is a circular through hole through which the 

so air intake path 9 goes. As described in the foregoing, 
the fuel supply system of the present embodiment has 
four of the air Intake path 9. It thus means that four 
through holes exist between the bottom surface front 
portion 4d and the bottom surface rear portion 4e. The 

ss tower case 4 is formed with small-diameter portions 4h 
that are each extended from around the corresponding 
through hole toward outside of the air cleaner 5, and 
their extended end portions are each changed in height 
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so that the corresponding through hole Is reduced in di- 
ameter, The bottom surface tront portion 4d and the bot- 
tom surface rear portion 4e are both formed to have a 
gentle down slope with respect to a horizontal plane H, 
directed to the through hole, In other words, the through 
hole is placed at the lowesl position In the inner surface 
of the lower case 4. 

[0046] The air intake port cover 6 has the lattice sur- 
face, for exam pie, and is so laid astocDverthe air intake 
port 4b that is formed to the lower case 4, With such a 
structure, the air directed from the air Intake port 1 to 
the air exhaust duct 3 is guided to tho air intake port 4b, 
and the air Intake port 4b is prevented from receiving 
any foreign substances of a large diameter. 
[0047] The element 8 removes, forairpurification, any 
small dirt and impurities included in the air guided Into 
the air intake port 4b, and forwards thus purifled air to 
the main chamber 5b of the air cleaner 5. 
[0048] The sub chamber cover 1 0 Is laid across the 
hole of the upper case 2, and the front end thereof Is 
firmly fixed to the attachment portion 2b of the upper 
case 2 by a bolt 14, and latched by a rear end 1 0d en- 
gaging with the convex portion of the attachment portion 
2c. The engaged portl ons between the u pper case 2 a n d 
the sub chamber cover 10 are also each sealed by a 
seal member so that the air cleaner 5 remains airtight. 
With such a structure that the upper case 2, the lower 
case 4, and the sub chambercover 1 0 are securely fixed 
together, ihe air cleaner 5 is defined by contours. 
[0049] To the inner surface of the sub chambercover 
1 0, a front end 1 0b and a rear end 1 0c of a support arm 
10a are both securely fixed, and a sub chamber 10e is 
formed In the main chamber 5b of the air cleaner 5, en- 
closed by the sub chambercover 10 and the support 
arm 1 0a. In this sub chamber 1 0e, Ihe upstream injector 
unit 7 is placed. Herein, the attachment portions of the 
front and edge ends 1 0b and 1 0c of the suppo it arm 1 0a 
are also each sealed by a seal membersolhat the main 
chamber 5b remains airtight. The sub chambercover 10 
is attached with an air Intake temperature sensor 16 for 
measuring the air Intake temperature in the main cham- 
ber 5b. 

[0050] The upstream Injector unit 7 includes an up- 
stream Injector 18, a fuel pipe 20, and a power supply 
harness 22. 

[0051] The upstream injector 1 8 is supported by the 
support arm 1 0a attached to the sub chamber cover 1 0, 
and its components other than an injection port 1 8a are 
housed In the sub chamber 10e. There are four up- 
stream Injectors 1 8 due to a one-to-one relationship with 
the air intake path 9, and from the injection port 16a pro- 
truding from the sub chamber 10e Into the main cham- 
ber 5b in Ihe air cleaner 5, the fuel is injected Into the 
main chamber 5b of the air cleaner 5. 
[0052] The fuel pipe 20 is used to couple togetherthe 
end portions of the four upstream injectors 1 8 located 
in the sub chamber 10e, and an end portion thereof Is 
connected to a fuel tank that is not shown so that the 



fuel is supplied to the upstream injectors 1 8, 
[0053] The power supply harness 22 is extended to 
the outside after going through the sub chambercover 
1 0, and is then connected to a control section that is not 
s shown. The powersupply harness 22 supplies powerto 
the upstream injectors 1 8, and controls the fuel injection 
amounl coming from the upstream injectors 18 and the 
injection timing thereby. 

[0054] The air Intake path 9 Is provided with an air fun- 
io nel 24, a throttle body 26, a joint member 36, and an air 
Intake port 1 3f of the engine 13. Note that, in the present 
embodiment, these components are provided four of 
each because there are four air intake paths 9. 
[0055] The air funnel 24 is made of an elastic body 
« exemplified by rubber, and is attached to the small-di- 
ameter portion 4h of the through hole formed to the low- 
er case 4. The air funnel 24 is covering the small-diam- 
eter portion 4h in its entirety, and the Inner surface of an 
aperture 24a has a height difference 24b that Issubstan- 
20 tlally equal to the thickness of the tube wall of the throttle 
body 26. The air funnel 24 is fit by the throttle body 26, 
from the downstream end to the height difference 24b. 
That Is, th e al r f u nnel 24 serves as a con n ection m ember 
for connecting the throttle body 26 into the main cham- 
ps ber 5b of the air cleaner 5. 

[0056] The aperture 24a of the air funnel 24 opening 
inside of the main chamber 5b has the same diameter 
as that of the through hole between the bottom surface 
front portion 4d and the bottom surface rear portion 4e. 
so The inner surface of the aperture 24a of the air funnel 
24 Is so curved as to be continuous with both the bottom 
surface front portion 4d and the bottom surface rear por- 
tion 4e. 

[0057] Herein, because the air funnel 24 Is made of 
35 an elastic body, the air funnel 24 can be easily posi- 
tioned in such a manner that the Inner surface of the 
aperture 24a of the air funnel 24 Is continuous with the 
bottom surface of the main chamber 5b. What is better, 
any dimension error observed In the through holes of 
40 the lowercase 4, throttle body 26, or others can be ab- 
sorbed. 

[0058] Note here that the curved surface formed In- 
side of the aperture 24a of the air funnel 24 is defined 
by radius of curvature depending on any desired flow 
45 rate coefficient. For example, to reduce energy loss with 
the flow rate coefficient of 0.99, the radius of curvature 
may be 0.33 times of the tube diameter ol the throttle 
body 26. 

[0059] The upstream end of the throttle body 26 is fit 
so to the air funnel 24, and the downstream end thereof is 
fit to the joint member 36, The upstream end portion of 
the throttle body 26 is provided with a protrusion 26a, 
which Is used to position the throttle body 26 for fitting 
to the air fun nel 24. For such fitting, the height difference 
55 24b provided to the Inner surface of the aperture 24a of 
the air funnel 24 Is also used. Here, because the air fun- 
nel 24 is covering the small-diameter portion 4h of the 
lowercase 4, the throttle body 26 does not directly abut 
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the lowercase 4 Including the protrusion 26a. This thus 
prevents vibrations of the engine 13 from being trans- 
ferred to the air cleaner 5 from the throttle body 26. 
[0060] ' What is more, substantially at the center of the 
throttle body 26 In the airflow direction, a throttle valve 
28 is provided for opening/closing the Ihrollle body 26 
by rotating about an axis. The throttle valve 28 is pro- 
vided Inside of each of the four throttle bodies 26. The 
throttle valves 2B inside of any adjacent throttle bodies 
26 rotate about the same axis. On the downstream of 
the throttle valve 28, an attachment portion 26b Is 
formed to firmly fix the downstream injector unit 11. 
[0061] Thejointmember36 isconnectlngtogetherthe 
throttle body 26, and the air intake port 13f of the engine 
13. 

[0062] The air intake port 13f of the engine 13 is 
opened/closed by an air intake valve 13b that is driven 
by an air Intake cam 13a for opening/closing, and is 
linked to a combustion chamber 13c. The combustion 
chamber13c is also linked with the air exhaust path 15, 
and an air exhaust port that Is not shown In the air ex- 
haust path 15 is opened/closed by an air exhaust valve 
13e that Is driven by the air exhaust cam 13d for open- 
ing/closing. 

[0063] The downstream Injector unit 11 is provided 
with a downslream injector 30, afuel pipe 32, and a pow- 
er supply harness 34. 

[0064] The downstream injector 30 is supported by 
the attachment portion 26b of the throttle body 28, and 
Its components other than the injection port 30a are pro- 
truding to outside of the air intake path 9. The down- 
stream Injector 30 is provided to each of the four air In- 
take paths 9 lor fuel Injection from the injection port 30a 
Into the corresponding air Intake paths 9. 
[0065] The fuel pipe 32 Is used to couple togelher the 
end portions of the four downstream injectors 30, and 
an end portion thereof is connected to a fuel tank that Is 
not shown so that the fuel is supplied to the downstream 
Injectors 30. 

[0066] The power supply harness 34 is connected to 
a control section that is not shown, and supplies power 
to the downstream injectors 30 so as to control the fuel 
Injection amounl coming from the downslream Injectors 
30 and the injection timing thereby. 
[0067] FIG. 3 is an enlarged cross sectional view of 
the air funnel 24 of the present invention specifically in 
the vicinity of the aperture 24a. 
[0068] As already described above, the bottom sur- 
face front portion 4d and the bottom surface rear portion 
4e of the lower case 4 are both formed to have a down 
slope toward the through hole with which the air funnel 
24 is engaged. That is, as shown In FIG. 3, the bottom 
surface front portion 4d has a down slope a with respect 
to the horizontal plane H toward the aperture 24a of the 
airfunnel 24, and the bottom surface rearportlon 4e has 
a down slope p with respect to the horizontal plane H 
toward the aperture 24a. These down slopes a and p 
are both angled at 45 degrees or less, and preferably, 



these down slopes a and p are both angled gently about 
30 degrees or less, 

[0069] At the lower ends of the bottom surface front 
portion 4d and the bottom surface rear portion 4e having 

5 such down slopes o and p, respectively, the aperture 
24a ot the air funnel 24 Is placed, and the Inner surface 
of the aperture 24a of the air funnel 24 is continuous 
with both the bottom surface front portion 4d and the 
bottom surface rearportlon 4e. That is, the aperture 24a 

10 of the air funnel 24 is located on the plane including the 
lower ends of the bottom surface front portion 4d and 
the bottom surface roar portion 4o, and the aperture 24a 
is not protruding into the main chamber 5b of the air 
cleaner 5. 

*5 [0070] Note that, in the present embodiment, the bot- 
tom surface front portion4d and the bottom surface rear 
portion 4e are assumed as sloped down toward the ap- 
erture 24a of the air funnel 24. The present Invention is 
not restrictive to such a structure, and the bottom sur- 

20 face front portion 4d an d the bottom surface rear portion 
4emay be horizontal, 

[0071] Further, as shown In FIG. 4, the bottom surface 
front portion 4d and the bottom surface rear portion 4e 
may not be flat but curved, if the bottom surface front 
2$ portion 4d and the bottom surface rear portion 4e are 
both curved, the tangent at the lower end linked to the 
aperture 24a may be horizontal or sloped down toward 
the aperture 24a. 

[0072] No matter if the bottom surface front portion 4d 

30 and the bottom surface rear portion 4e are flat or curved, 
the Inner surface of the aperture 24a of the air funnel 24 
is formed continuous with the bottom surface front por- 
tion 4d and the bottom surface rear portion 4e, and the 
aperture 24a Is not protruding Into themaln chamber 5b. 

35 [0073] Described now Is Ihe shape oflhe bottom sur- 
face of the main chamber 5b In the air cleaner 5. 
[0074] FIG. 5 is a plan view of the, lower case 4 of Ihe 
air cleaner 5 of the present embodiment, viewed from 
the direction of an arrow A of FIG. 2. 

40 [0075] As described in the foregoing, the bottom sur- 
face front portion 4d and the bottom surface rear portion 
4e are sloped down toward the aperture 24a of the air 
funnel24. A bottom surface center portion 4i formed be- 
tween any two adjacent apertures 24a Is also sloped 

« down toward the aperture 24a locating closer. 

[0076] Accordingly, any arbitrary line segment con- 
necting the two adjacent apertures 24a on the bottom 
surface center portion 4i carries the highest apex. The 
edge line extending from the rear end of the lower case 

so 4 toward the air intake port 4b as a collection of such 
apexes is thus formed at the position indicated by a bro- 
ken line of FIG. 5, for example. Here, as indicated by a 
chain double-dashed line In FIG. 5, the front part of the 
edge line may be extended toward the center of the air 

ss intake port 4b. 

[0077] Because the bottom surface center portion 41 
is formed with the edge line as such, the cross section 
view cut along the line l-l of FIG. 5 looks like the one 
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shown in FIG, 6, for example. By referring to FIG. 6, the 
bottom surface center portion 41 is formed continuous 
with the inner surface of the aperture 24a of the air fun- 
nel 24. Such a structure forms a plane continuous al! 
with the bottom surface front portion 4d, the bottom sur- 
face rear portion 4e, and the bollom surface cenLer por- 
tion 41 enclosing the aperture 24a of the air funnel 24, 
and the in ner surface of the apertu re 24a of the airf un n el 
24, whereby the portion in the vicinity of the aperture 
24a of the air funnel 24 is formed to look like a funnel. 
[0078] Hero, the bottom surface front portion 4d, the 
bottom surface rear portion 4e, and the bottom surface 
center portion 41 are all gently sloped down at an angle 
of 45 degrees or less with respect to the hori2ontal 
plane, preferably gently at an angle of 30 degrees or 
less with respect to the horizontal plane. This is because 
there needs to increase the change of cross sectional 
area between that of the throttle body 26 and that of the 
upper part of the aperture 24a. The reason therefor is 
described below. 

[0079] That Is, in the stroke of the engine 13 for air 
intake, the air intake valve 13b Is first opened. At this 
time, at the area in the vicinity of the air intake port 13f 
that is located at the most downstream of the air Intake 
path 9, generated are shock waves that are to be prop- 
agated to the upstream of the airintake path 9 at a speed 
faster than sound. After generation of such shock 
waves, the air and fuel start flowing into the combustion 
chamber 1 3c. Therefore, the area in the vicinity of the 
air intake port 13f will be under vacuum, and pulsing 
waves being congressional waves of the air are trans- 
ferred from downstream to upstream In the air Intake 
path 9, 

[0OBO] The shock waves first reach the aperture 24a 
at a speed faster than sound, and ihen are propagated 
into the main chamber 5b of the air cleaner 5. On the 
other hand, the pulsing waves reach the aperture 24a 
with a delay from the shock waves, and then again go 
through the air Intake path 9 from upstream to down- 
stream, This is because their propagation direction Is 
reversed due to the open end of the aperture 24a. Uti- 
lizing such putslng waves with the reversed propagation 
direction, the air and fuel are directed into the combus- 
tlo n chamber 1 3c of the engine 1 3 so that the engine 1 3 
can be improved in filling efficiency. 
[0081] For determining whetherthe aperture 24a has 
the open end or not, referred to is the change of cross 
sectional area between that of the throttle body 26 and 
that of the upper part of the aperture 24a. When the 
change of cross sectional area is larger than a prede- 
termined value, a determination is made that the end is 
open. 

[0082] That is, if the bottom surface front portion Ad, 
the bottom surface rear portion 4b, and the bottom sur- 
face center portion 4i are all steeply sloped down, the 
cross section shows no abrupt change from the throttle 
body 26 to the upper part of the aperture 24a. With this 
being the case, the aperture 24a has no open end, and 



thus the propagation direction of the pulsing waves Is 
not reversed. This is the reason why the bottom surface 
front portion 4d, the bottom surface rear portion 4e, and 
the bottom surface center portion 41 are all genlly sloped 

s down, or may be horizontal. 

[0083] Assuch, because the bottom surface front por- 
tion 4d, the bottom surface rear portion 4e, and the bot- 
tom surface center portion 4i are all made horizontal or 
gently sloped down toward the aperture 24a, the aper- 

10 ture 24a opens at the lowest position Inthelnnersurface 
of the main chamber 5b, 

[0084] FIG. 7 is a perspective view of the lowercase 
4, viewed from the upper rear left, In the drawing, neither 
the air intake port cover B nor the element 8 is shown. 

15 [0085] As shown In FIG. 7, the bottom surface front 
portion 4d, the bottom surface rear portion 4e, and the 
bottom surface center portion 4i are all continuous with 
the inner surface of the aperture 24a of the air funnel 
24, and the Inner surface of the aperture 24a of the air 

20 funnel 24 is one piece with the bottom surface of the 
lowercase 4. 

[0086] At the center of the bottom surface center por- 
tion 4i in Ihe direction across the vehicle, an edge line 
is extending from the rear end of the lower case 4 toward 

25 the air intake port 4b. In FIG. 7, an edge line is formed 
at the center of the bottom surface center portion 4i, This 
is not restrictive, and the edge line may be laterally bi- 
ased or bent at some midpoint instead of being formed 
at the center of the bottom surface center portion 4i. Fur- 

30 ther, the edge line is not necessarily formed distinctly, 
and the bottom surface center portion 41 may have the 
shape of a saddle. In short, It will do as long as the edge 
line as a collection of the highest points on the bottom 
surface center portion 41 between any two adjacent ap- 

35 ertures 24a Is extending Trom Ihe rear end of the lower 
case 4 toward the air Intake port 4b. 
[0087] Described next is the built-in structure of the 
air funnel 24 to the lower case 4. 
[0088] By referring to FIG. 5 again, a bolt 38 is used 

*o to clamp and fix togetherthe bottom surface centerpor- 
tion 4i of the lowercase 4, and the throttle body 26 form- 
ing any two adjacent air intake paths 9. In FIG. 5, the 
bolt 3B performs clamping and fixation at a midpoint of 
the line segment connecting the centers of the two ad- 

45 jacent apertures 24a. Alternatively, two points before 
and after the midpoint may be clamped for fixation, 
[0089] In the area in the vicinity of the bolt 38 of the 
airfunneS24, a protrusion 24c is formed. The protrusion 
24c Is protruding in such a manner as to cover the head 

so portion of the bDlt 38. 

[0090] FIG. B Is a cross sectional view cut along the 
line ll-ll of FIG. 5 in the present embodiment. 
[0091] Upon building in the airintake path 9 to the air 
cleaner 5 of the present embodiment, first of all, the air 

55 funnel 24 is attached to the small-diameter portion 4h 
that is formed to the through hole on the bottom surface 
of the lower case 4. The alrfunnel 24 is so attached that 
the aperture 24a does not protrude into the main cham- 
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ber 5b, and the inner surface of the aperture Is continu- 
ous with the bottom surface front portion 4d, the bottom 
surface rear portion 4e, and the bottom surface center 
portion 41, The air funnel 24 is made of an elastic body 
such as rubber, and thus can be shaped as above with s 

[0092] Thereafter, the Ihroltle body 26 having the 
shape of two tubular members coupled next 1o each oth- 
er is fit to the air funnel 24 from the downstream end. At 
this time, the upstream end of the throttle body 26 abuts f i 
the height difference 24b formed to the inner surface of 
the aperture 24a of the air funnel 24, and the protrusion 
26a of the throttle body 26 abuts the downstream end 
of the air funnel 24, In this manner, the alrfunnel 24 and 
the throttle body 26 are both defined by position. n 
[0093] On the other hand, a bolt hole formed to the 
bottom surface center portion 41 of the lower case 4 is 
engaged with a rubber gromrnet 40. The bolt 38 goes 
through the center hole of the rubber gromrnet 40, and 
is engaged to the attachment portion 26c of the throttle so 
body 26. 

[0094] With such a structure, the head portion of the 
bolt 38 and the attachment portion 26c of the throttle 
body 26 sandwich, for fixation, the rubber gromrnet 40, 
the bottom surface center portion 4i, and the air funnel ss 
24. This thus allows to firmly fix the air cleaner 5 and the 
air intake path 9 with certainty with the fewer number of 
components, and the components protruding into the 
main chamber 5b of the air cleaner 5 can be reduced in 
number. Accordingly, this enables easy assembly, and so 
achieves betler engine performance with airflow turbu- 
lence suppressed In the main chamber 5b, 
[0095] What Is more, with the structurethatthe alrfun- 
nel 24 is firmly fixed between the bottom surface center 
portion 4i of the lower case 4 and the throttle body 26, 35 
the air Intake path 9 can be shortened In length com- 
pared with the case of fixing together the air funnel 24 
and the th rottle body 26 usin g a b and fo r wrapp ing there- 
around. This thus favorably leads to system downsizing. 
[0096] Further, the throttlobody26andthebolt38 are 40 
not directly but Indirectly abutting the lower case 4 via 
the air funnel 24 and the rubber gromrnet 40. This thus 
prevents vibrations of the engine 13 from being trans- 
ferred to the lower case 4 from the throttle body 26 and 
the bolt 38, Accordingly, even if the upstream Injector 45 
unit 7 is supported by the air cleaner 5, vibration transfer 
to the upstream injector unit 7 is reduced, thereby 
achieving the stable fuel supply, 
[0097] Still further, because the protrusion 24c of the 
airfunnel 24 is covering the head portion of the bolt 38, so 
even if the bolt 38 is loosened and comes off due to vi- 
brations, the protrusion 24c stops the bolt 38 not to 
move. With such a structure, the bolt 36 does not find 
its way from the aperture 24a of the alrfunnel 24 into 
the engine 13. sb 
[0098] Described next is the fuel supply operation of 
the fuel supply system structured as above. 
[0099] The air captured by the air intake port 1 isguid- 



edto the air intake port 4b of the air cleaners after going 
through the air intake duct 3. At this time, the air intake 
port cover 6 serves to stop large-particle foreign sub- 
stances not to enter the air Intake port 4b. This structure 
s prevents damage to the inner wall 4g and the element 
8 both exposed to the air intake port 4b. 
[0100] The air guided to the air intake port 4b is then 
purified by the element 8 removing small dirt or Impuri- 
ties, and thus purified alrthen flows into the main chain - 
io ber 5b of the air cleaner S, After flowing in the main 
chamber5b, the airflows toward the aperture 24a of the 
airfunnel 24. As such, produced Is an airflow going 
through the main chamber 5b, the air funnel 24, the 
throttle body 26, the joint member 36, and the air intake 
is portl3f. 

[0101] On the other hand, In the stroke Df the engine 
1 3 for air Intake, the intake cam 13a opens the air intake 
valve 13b. At the time point when the air Intake vaive 
13b is opened, the upstream and downstream injectors 
so 18 and 30 are both controlled, for fuel Injection, by a 
control section that Is not shown. That is, the upstream 
injectoM 8 Injects the fuel into the main chamberSb, and 
the downstream injector 30 Injects the fuel into the air 
intake path 9. 

ss [0102] The control section that is not shown deter- 
mines the fuel amount and timing for fuel injection based 
on the rotation speed of the engine 13, the degree of 
opening of the throttle valvo 28, the pressure in the air 
intake path 9, and others. The control section then sup- 
so piles power to both the upstream and downstream In- 
jectors 1 8 and 30 through the power supply harnesses 
22 and 34 so that the fuel Is injected, 
[0103] To be specific, the control section that Is not 
shown detects the point in time when the air Intake 
35 siroke is slatted (i.e., the liming when theair intake valve 
13b Dpens) by a sensor for detecting the cycle of the 
engine 13, for example. After a lapse of some desired 
set time from the point In time, the control section has 
the upstream and downstream injectors 18 and 30 in- 
4o Jected the fuel, 

[01 04] At this time, as described above, when the air 
intake stroke is started, shock waves are generated to 
be propagated from the air Intake path 9 to the main 
chamber 5b. By making the shock waves collide with 
45 the fuel coming from the upstream and downstream in- 
jectors 1 8 and 30 through adjustment of the above-men- 
tioned set time, the fuel will scatter and thus the fuel at- 
omizatlon is facilitated to a greater extent. Especial ly af- 
tsrthe shock waves propagated into the main chamber 
so 5b, colliding the shock waves with the fuel injected from 
the upstream injector 1 B will lead to the bettervDlumetric 
efficiency. This Is because such a collision results in fuel 
splash in the wide space of the main chamberSb, there- 
by achieving fuel atomlzation in an efficient manner. 
& [0105] Moreover, with fuel injactlonfromthe upstream 
and downstream injectors 18 and 30 at least when the 
air intake process is started (i.e., the set time is 0), for 
example, the injected fuel collides with the shock waves 
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in the air intake path 9 or the main chamber 5b. The 
shock waves are those generated when the air intake 
process is started and the air intake valve 13b opens. 
Therefore, there Is no more need to count the set time 
using a timer or others, and easy control can cause a 
collision between the shock waves and the fuel. 
[0106] The fuel injected from the upstream injector 18 
is atomized in the main chamber Sb, and also flows from 
the aperture 24a of Ihe air funnel 24 to the air intake 
path 9 by the airflow produced In the main chamber 5b. 
At this time, the fuel partially splashes (bubbles) over 
the bottom surface front portion 4d, the bottom surface 
rear portion 4e, and the bottom surface center portion 
4i in the main chamber 5b due to airflow turbulence or 
others. In the present embodiment, however, the bub- 
bled-over fuel will flow from the aperture 24a of the air 
funnel 24 to the air intake path 9 due to the structure 
that all of the bottom surface front portion 4d, the bottom 
surface rear portion 4e, and the bottom surface center 
portion 4i are formed continuous with the inner surface 
of the aperture 24a of the air funnel 24, A description 
will be made later of this matter. 
[0107] Note that, in the present embodiment, the in- 
jection port 18a of the upstream Injector 1 8 is oriented 
toward the aperture 24a of the air funnel 24, and thus 
the fuel is directed from the injection port 1 8a to the ap- 
erture 24a, With such a structure, compared with acase 
where the upstream injector 18 Injects the fuel toward 
the bottom surface front portion 4d in the main chamber 
5b or others, the fuel does not bubble over that much, 
and the air-fuel ratio is almost the same among the four 
air intake paths 9, 

[0108] For example, even if the upstream Injector 18 
Injects the fuel toward the bottom surface front portion 
4d in the main chamber 5b, in the present invention, the 
bubbled-over fuel will flow from the aperture 24a of the 
air funnel 24 into the air intake paths 9 due to the struc- 
ture that all of the bottom surface front portion 4d, the 
bottom surface rear portion 4e, and the bottom surface 
center portion 4i are formed continuous with the inner 
surface of the aperture 24a of the air funnel 24. 
[01 09] On the other hand, by the pulsing waves mov- 
ing upstream and downstream in the air intake paths 9, 
the fuel coming from the upstream Injector 18 Into the 
air Intake paths 9 is blown back to the main chamber 5b 
of the alrcleaner5from the aperture24a of the airfunnel 
24, Thus blown-back fuel splashes over the bottom sur- 
face front portion 4d, the bottom surface rear portion 4e, 
and the bottom surface center portion 4i in the main 
chamber 5b. In the present embodiment, however, the 
blown-back fuel will flow into the air intake paths 9 from 
the aperture 24a ofthe airfunnel 24 due to the structure 
that all of the bottom surface front portion 4d, the bottom 
surface rear portion 4e, and the bottom surface center 
portion 4i are formed continuous with the inner surface 
of the aperture 24a of the air funnel 24, A description 
will be made later of this matter. 
[0110] As such, the fuel bubbled over or blown back 



to the bottom surface front portion 4d, the bottom sur- 
face rearportion 4e, and the bottom surface center por- 
tion 4i in the main chamber 5b flows Into the air Intake 
paths 9 without clogging. This thus eliminates the need 

s to consider a possibility that the fuel coming from the 
upstream injector 18 splashes over the bottom surface 
or the main chamber 5b. Therefore, there Is no more 
need to control the amount of fuel to be injected from 
the upstream Injector 18 to the main chamber 5b, and 

to thus the fuel can be sufficiently supplied to the engine 
13. 

[0111] When the air intake cam 13a opens the air in- 
take valve 1 3b under such circumstances as described 
above, Ihe combustion chamber 13c Is provided with 
15 enough amount of fuel. In the combustion chamber 1 3c, 
the gas mixture of air and fuel is compressed in the com- 
pression stroke, and thus compressed gas mixture ex- 
plodes in the combustion stroke so that the power Is 
generated. 

zo [0112] In the air exhaust stroke subsequent to the 
combustion stroke, the air exhaust cam 13d opens the 
air exhaust valve 13e, and the exhaust gas as a result 
of explosion is exhausted to the air exhaust path 1 5, and 
then exhausted outside from the exhaust muffler 1 7. Af- 

& ter this exhaustion stroke is completed, the air intake 
stroke follows, and the above-described operation is re- 
peated. 

[0113] In the below, It will be described how the fuel 
splashed over the bottom surface front portion 4d, the 
30 bottom surface rear portion 4e, and the bottom surface 
center portion 4l in the air intake stroke will flow Into the 
air Intake paths 9. 

[0114] In the present embodiment, all of the bottom 
surface front portion 4d, the bottom surface rearportion 

35 4e, and the bottom surface center portion 41 are rormed 
continuous with the inner surface of the aperture of the 
aperture 24a ofthe air funnel 24. With such a structure, 
no air stagnation is observed in the vicinity of the bottom 
surface front portion 4d, the bottom surface rearportion 

4t> 4e, and the bottom surface center portion 41, and the 
generated airflow has the flow velocity of a certain level 
or higher. Therefore, the easy-to-vaporize fuel such as 
gasoline Is vaporized by the airflow of a close range Im- 
mediately after splashing over the bottom surface front 

45 portion 4d, the bottom surface rear portion 4e, and the 
bottom surface center portion 41, and then flows Into the 
air Intake paths 9 from the aperture 24a of the air funnel 
24 together with the fuel atomized In the main chamber 
5b. 

so [0115] At this time, the faster the flow velocity of the 
airflow in the main chamber 5b, the easier the fuel 
splashed over the bottom surface front portion 4d, the 
bottom surface rear portion 4e, and the bottom surface 
center portion 4i will vaporize. In the present embodi- 

55 rnent, the air Intake port 1 Is provided frontward of the 
vehicle as shown In FIG. 1, and the air cleaner 5 is pro- 
vided behind the air Intake port 1 in the vehicle. Accord- 
ingly, when the vehicle Is moving, the airflow in the air 
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intake duct 3 picks up momentum by the running wind 
flowing from front to rear, and thus more air comes from 
the air Intake port 4b of the air cleaner 5, 
[0116] Also in the air cleaner 5, the aperture 24a of 
the air funnel 24 serving as an air discharge port Is pro- 
vided behind the air intake port 4b. That is, Ihe air Row 
path Is so structured as to entirely direct from the front 
toward rear, and thus when the vehicle of FIG. 1 moves, 
the airflow in the main chamber 5b of the air cleaner 5 
picks up momentum by the running wind generated by 
the moving-forward vehicle, thereby increasing the flow 
velocity, Accordingly, the fuel 3plashed over the bottom 
surface front portion 4d, the bottom surface rear portion 
4e, and the bottom surface center portion 41 Is vaporized 
with more ease. 

[01 1 7] Additionally, in order to capture more air in the 
main chamber 5b, the element 8 serving as air Intake 
resistance Is generally large in area. Specifically, the el- 
ement B has almost the sam e area as 1h e cross sectl on- 
al area of the air cleaners cut along the vertical direction 
of the airflow (refer to FIG, 2). Therefore, the air having 
passed through the element 6 spreads over the main 
chamber Sb and becomes an airflow, and the resulting 
airflow flows into the aperture 24a of the air funnel 24, 
This is the reason why no air stagnation is observed in 
the vicinity of the entire bottom surface 4d, the bottom 
surface rear portion 4e, and the bottom surface center 
portion 41, whereby the splashed fuel can be vaporized 
with more ease. 

[D118] When the bottom surface front portion 4d, the 
bottom surface rear portion 4e, and the bottom surface 
center portion 41 are all sloped down, the fuel splashed 
over the bottom surface frontportlon 4d, the bottom sur- 
face rear portion 4s, and the bottom surface center por- 
tion 4i is not only vaporized by the airflow bul also flows 
into the aperture 24a of the air funnel 24 due to gravity. 
Especially when the large amount of fuel is splashed, 
the fuel failed to vaporize will drip into the aperture 24a 
as fuel drops. 

[0119] When the air in take stroke Is started, there may 
be a case where the air exhaust stroke in the previous 
cycle is still under way (i.e., the air exhaust valve 13e 
and the air Intake valve 13b are open simultaneously). 
With this being the case, flames may flow back from the 
combustion chamber 13c to the air intake paths 9. 
[0120] Although thus flowed-back flames reach the 
main chamber 5b of the air cleaner 5, the air exhaust 
valve 13e Is to be closed immediately. As a result, the 
fuel splashed over the bottom surface front portion 4d, 
the bottom surface rear portion 4e, and the bottom sur- 
face center portion 4i goes through the air intake paths 
9 again while burning due to the flames, and then is 
sucked Into the combustion chamber 13c. 
[0121 J As such, the fuel clogging Issuppressed on the 
bottom surface front portion 4d, the bottom surface rear 
portion 4e, and the bottom surface centerportion 41, and 
there is no more need to give a consideration to fuel 
splash over the bottom surface frontportlon 4d s the bot- 



tom surface rear portion 4e, and the bottom surface 
centerportion 4i, and the fuel can be sufficiently injected 
from the upstream Injector 1 8. This means that the fuel 
can be sufficiently Injected even when the engine 13 is 
s at the high speed and high load operation so that the 
engine performance can be improved. 
[0122] As described in the foregoing, according to Ihe 
present embodiment, the fuel from the upstream injector 
splashed ove r th e bottom su rface of the ai r cleaner does 
not clog thanks to the Inner surface of the aperture of 
the air funnel that is formed continuous with the bottom 
surface of the air cleaner. Accordingly, there is no more 
need to consider a possibility that the fuel coming from 
the upstream injector may bubble over, and thus the up- 

15 stream injector and the apertures of the air intake paths 
are not necessarily placed closer, or the amount of fuel 
coming from the upstream injector is not necessarily 
controlled. As a result, the fuel may be injected from the 
upstream Injector into the alrcleanerto facilitate fuel at- 

20 omization, and the engine performance can be im- 
proved with sufficient fuel supply when the engine Is at 
the high speed and high load operation. 
[0123] Note that, in the present embodiment, de- 
scribed is a case where the bottom surface of the main 

ss chamber 5b of the air cleaner 5 is formed continuous 
with the inner surface of the aperture 24a of the air fun- ' 
nel24. Alternatively, the through hole formed to the bot- 
tom surface of the main chamber 5b of the air cleaner 
5 may be formed in the shape of the air funnel 24 of the 

30 present embodiment. If this is the case, the area down- 
stream of the through ho le formed at the bottom s u rface 
will function as the air Intake path 9. 
[0124] Further, In the present embodiment, described 
is the structure that the entire edge of the aperture 24a 

& or Ihe air funnel 24 is farmed smoothly continuous with 
the bottom surface of the main chamber 5b. This is not 
restrictive, and only a part of the edge of the aperture 
24a may be formed smoothly continuous with the bot- 
tom surface of the main chamber 5b. That Is, as a pos- 
sible exemplary structure, only the bottom surface front 
portion 4d and the bottom surface rear portion 4e may 
be formed continuous with the Inner surface of the ap- 
erture24a, andthe bottom surface center portion 4i may 
not be co ntinuous with the In ner surf ace of t h e apertu re 

« 24a. With this being the case, the bottom surface may 
be so formed that Its end portion abutting the aperture 
24a of the bottom surface front portion 4d or that of Ihe 
bottom surface rear portion 4e comes at the lowest ; 
sltjon. 

so [0125] Still further, in the present embodiment, 
scribed is a case where a sub chamber is provide', 
the upper part of the aperture 24a of the air funnel ± ■ 
for housing the upstream Injector unit 7. As an alterna- 
tive structure, for the purpose of fuel atomlzation with 

ss rnore ease, as exemplarily shown in FIG. 9, the aperture 
24a of the air funnel 24 may be placed away from an 
upstream injector 1 8". Even if the aperture 24a of the air 
funnel 24 may be placed away from the upstream injec- 
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tor18' as such, thanks to such a structure of the present 
invention that the Inner surface ol the aperture 24a of 
the air funnel 24 is formed continuous with the bottom 
surface of the aircleaner5, there Is no need to consider 
a possibility that the fuel clogging may occur because 
Ihe fuel coming from the upstream Injector 1 8' bubbles 
over Ihe bottom surface of the air cleaner 5. 

(Second Embodiment) 

[0126] A second embodiment of the present Invention 
is characterized in that the fuel coming from an up- 
stream injector Is prevented from bubbling over with 
such a structure that the apertures of a plurality of air 
Intake paths are partially protruded into an air cleaner. 
[0127] The overall structure of a vehicle and a fuel 
supply system of the present embodiment Is similar to 
that of the first embodiment, and thus is not described 
again. In the present embodiment, compared with the 
first embodiment, differences are observed in the cross 
sectional views cut along the lines l-l and INI, respec- 
tively, in FIG, 5, 

[0128] FIG. 1 0 is a cross sectional view cut along the 
line Il-ll in FIG. 5 according to the present embodiment. 
In the drawing, any components similar to those In FIG. 
8 are provided with the same reference numerals, and 
not described again. 

[0129] As shown in the drawing, in the present em- 
bodiment, two of the air Intake paths 9 located at the 
center are protruding Into the main chamber of the air 
cleaners. As to these two air intake paths 9, an air funnel 
42 Is attached as an alternative to the air funnel 24 at 
the upstream end of the throttle body 26. 
[0130] The air funnel 42 Is made of an elastic body 
exemplified by rubber, and attached to the small-diam- 
eter portion 4h of the through hole formed to the lower 
case 4. Unlike in the first embodiment, an aperture 42a 
of the airfunnel 42 is protruding into the main chamber 
5b of the air cleaner 5, and placed in the vicinity of the 
Injection port 1 8a of the upstream injector 1 8. 
[01 31] With such a structu re, the fuel coming from two 
of ihe four upstream Injectors 18 located at the center 
is directly Impinged against the inner surface of the ap- 
erture 42a of the airfunnel 42, and thus the fuel Is pre- 
vented from bubbling outside. 
[0132] The tube wall located on thecenterside of the 
aircieaner 5 of the airfunnel 42 Is through with a linear 
hole 42b In such a mannerthatthe Inner surface of the 
aperture 42a of the airfunnel 42 Is continuous with the 
bottom surface center portion 4i. Moreover, a tube wall 
42c in the vicinity of the bolt 38 of the air funnel 42 is 
formed thick to form the aperture 42a, and at the same 
lime, to function similarly to the protrusion 24c In the first 
embodiment. That is, the tube wall 42c Is covering the 
head portion of the bolt 38 so as to stop the boit 38 not 
to move even if it comes off, and prevents bolt 38 from 
finding Its way from the aperture 24a of the airfunnel 24 
Into the engine 13. 



[0133] FIG. 1 1 is a cross sectional view cut along the 
line l-l In FIG. 5 according to the present embodiment. 
In the drawing, any components similar to those in FIG. 
6 are provided with the same reference numerals, and 

s not described again . 

[0134] In the drawing, unlike the bottom surface cent- 
er portion 4i in the first embodiment, a bottom surface 
center portion 4j formed between two adjacent air fun- 
nels 42 and 24 Is formed with no edge line. Moreover, 

10 the bottom surface center portion 4j is sloped down to- 
ward the aperture 24a of the air funnel 24 that is not 
protruding lntotho main chamber 6b, and isformed con- 
tinuous with the inner surface of the aperture 24a of the 
airfunnel 24. 

<s [0135] On the other hand, similarly to the first embod- 
iment, the bottom surface center portion 4i formed be- 
tween any two adjacent air funnels 42 is formed with an 
edge line. The bottom surface of the main chamber 5b 
including the bottom surface center portions 4i and 4j is 

so curved with the edge line in the direction across the ve- 
hicle. 

[0136] in the present embodiment, two of the air in- 
take paths 9 located at the center are made to protrude 
into the main chamber 5b, and the aperture 42a is pre- 
ss vided in the vicinity of the injection port 1 8a of the up- 
stream Injector 1 8. This structure prevents the fuel from 
bubbling over from the two upstream injectors 18 at the 
center, but the fuel coming from the two upstream injec- 
tors 18 at both ends bubbles over similarly to the first 
30 embodiment. 

[0137] Even if the fuel Is bubbled up, however, be- 
cause the bottom surface center portion 4j Is sloped 
down toward the aperture 24a of the air funnel 24 and 
Is formed continuous with the Inner surface of the aper- 
35 ture 24a of the air funnel 24, the Tuel will be vaporized 
or liquidized by the airflow al ong the bottom su rf ace front 
portion 4d, the bottom surface rear portion 4e, and the 
bottom surface center portion 4j before flowing into the 
aperture 24a, Therefore, no air stagnation occurs. 
40 [0138] If the fuel splashes over the bottom surface 
center portion 4i by blowing back from the two air intake 
paths 9 at the center due to the pulsing waves, or bub- 
bling over the two upstream Injectors 1 8 at the center 
even of a little amount, the fuel flows into the air intake 
is paths 9 from the linear hole 42b facing the bottom sur- 
face center portion 41 of the airfunnel 42. Moreover, be- 
cause the bottom surface of the main chamber 5b is 
curved, the fuel splashed overthe bottom surface center 
portion 4i flows over the bottom surface center portion 
so 4j after detouring the airfunnel 42, and then flows Into 
the air Intake paths 9 from the aperture 24a of the air 
funnel 24, 

[0139] Accordingly, even if the two apertures 42a of 
the air funnels 42 at the center are protruding into the 
ss main chamber 5b, and the inner surface of the aperture 
42a of She airfunnel 42 is not continuous with the bottom 
surface of the main chamber 5b, the fuel bubbled over 
the bottom surface of the main chamber 5b from the up- 
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stream injector 1B never clogs. 
[01 40] FIG. 1 2 shows an exemplary case where the 
bottom surface of the main chamber 5b is made different 
in height, and the two air intake paths 9 at the center are 
protruding into the main chamber 5b. 
[01 41 ] In the drawing, ihe bollom surface of the main 
chamber 5b is provided wlLh a height difference 4k, and 
the bottom surface of the center portion of the main 
chamber5b is formed at the higher position than the bot- 
tom surface of the end parts. The bottom surface around 
the air intake paths 9 is formed continuous with the inner 
surface of the aperture 24a of the air funnel 24. 
[0142] With such a structure, the apertures 24a of the 
two alrfunnels 24 at the center are formed In the vicinity 
of the upstream injector 18, and thus the fuel can be 
prevented from bubbling overfrom the upstream injector 
18, What is more, the fuel splashed over the bottom sur- 
face of the main chamber 5b never clogs. 
[0143] As described above, according to the present 
embodiment, the apertures of a plurality of air Intake 
paths are partially protruded into the main chamber of 
the air cleaner to be located in the vicinity of the up- 
stream injector, and the apertures of the remaining air 
Intake paths are so formed that their inner surfaces are 
continuous with the bottom surface of the air cleaner. 
This favorably prevents thefuel from bubbling overfrom 
the upstream injector, and even If the fuel splashes over 
the bottom surface of the air cleaner as a result of bub- 
bling over orblowlng back, the fuel never clogs. Accord- 
ingly, the upstream injector Injects the fuel into the air 
cleaner so th at th e fuel atomizatlon is facilitated, a nd th e 
engine performance can be improved with the sufficient 
fuel supply when the engine Is at the high speed and 
high load operation. 

[0144] Note that, in the present embodiment, exem- 
plified is the structure that the two air intake paths at the 
center are protruding Into the main chamber of the air 
cleaner. This is not restrictive, and even if the two air 
intake paths at ends or any one of the air intake paths 
are/is protruding Into the air cleaner, the bottom surface 
of the main chamber or the afrfunnel may be changed 
in shape based on the same concept. 
[0145] As describe above, air being introduced from 
the outside through an air intake port 1 is led to the air 
cleaner 5 where an air intake duct 3 entering the air 
cleaner 5, in particular the intake chamber thereof, via 
an air inlet opening, This air Inlet opening may be con- 
figured so to be a port such an opening or a hole con- 
necting an inside of the air intake chamber 5a to an out- 
side thereof: the outside being either free environment, 
for example, or, according to an embodiment, the air in- 
take duct 3. 

[01 46] Accordlngto an embodiment as also described 
above, the air inlet opening of the intake chamber 5a 
may also comprise an air guide portion 4b for guiding 
the air entering the air intake chamber 5b from the out- 
side further inwardly, thereafter. In other words, the air 
Inlet opening may be understood also as being or com- 



prising a channel or tube-like structure which forms a 
path for guiding the air after it has entered the air Intake 
chamber Bb. Preferably, the air guide portion leads to a 
fitter element being provided within the air intake cham- 
s ber5b. 

[0147] The air guide portion 4b of the air Inlet opening 
may also be configured to be arranged after or down- 
stream of the filter element 6, If desi red. An in ner surface 
of the air intake chamber 5b may also be considered as 

io air guide portion or part thereof. 

[0148] As further described above, according to an 
embodiment, an upstream injector 18 is provided up- 
stream of an aperture 24a of an air intake path 9 con- 
necting an interior of the air intake chamber 5b with an 

1$ engine 13. The upstream injector 1 8 which Is part of an 
upstream Injector unit 7 may be placed fully within the 
Interior of the air intake chamber 5b according to one 
embodiment, maybe provided to be located completely 
outside of the intake chamber according to another em- 

20 bodiment or may be located to be partially provided In- 
side and/or partially outside of the air intake chamber 
according to a further embodiment. 
[0149] In any embodiment, the air Intake chamber 
may comprise a further opening through which the first 

25 injector 1 B isplaceable at least partially within Ihe Intake 
chamber orth rough which the injector 1 8, if being placed 
outsldeof the Intake chamber, injects fuel Into the Intake 
chamber, in particular into an air stream provided there- 
in. 

30 [0150] it may be further desirable to place a second 
injector 30, being part of a downstream Injector unit 11 
downstream of the aperture 24a or outside thereof so to 
introduce fuel into the air Intake path 9 downstream of 
the aperture 24. It is further possible to place the first 

35 Injecior18 and the second injector 11 inside the interior 
of the air Intake chamber S, the one being provided 
downstream of the other or vice versa. 
[0151] It is also possible that the second Injector 30 
which preferably is placed in the air intake path 9 is pro- 

40 vidod downstream of a throttle valve 28, which is pref- 
erably provided in the air intake path 9, too. However, 
according to a further aspect of the invention and/or a 
preferred embodiment, a fuel supply system may be 
provided having two fuel Injectors one being located up- 

45 stream of the otherfuel Injector, wherein the fuel supply 
system is free from the provision of a throttle valve. Al- 
ternatively, at least the portion forming the air path or 
the entire airpath between th e two injectors may be pro- 
vided free of a throttle valve. 

so [0152] in the described embodiment, wherein the first 
injectorinjectsfuelintD an interior ofthe air intake cham- 
ber 5b upstream of the aperture 24a leading to the air 
intake path 9, the second injector may be provided to 
be positioned so to inject fuel Into the air intake path 9 

55 downstream of the aperture 24a wherein, according to 
a first embodiment, a throttle valve 28 Is provided In the 
air intake path 9, in particular between the aperture 24a 
and the downstream Injector unit 11 and/or wherein, ac- 
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cording to another embodiment, the air intake path 9 Is 
either completely free of a throttle valve 2B 6r at least 
does not comprise any throttle valve between the aper- 
ture and the downstream injector unit. 
[0153] Such an embodiment wherein the air Intake 
path 9 is free rrom alhrottle valve, meaning thai no lhrol- 
tle valve is provided therein, has the advantage thai any 
fuel injected from the upstream Injector through the ap- 
erture 24a Into the air Intake path 9 can freely continue 
its flow together with the air Into the engine 1 3 without 
bolng hindered by getting stuck to any throttle valve to 
thereby influence the timing and the flow of the fuel such 
that engine performance can be improved and fuel in- 
jection can be performed and controlled more finely. 
[0154] Of course, in the various above-described em- 
bodiments with or without throttle valve are freely com- 
binable with any features of the before-described em- 
bodiments, in particular regarding the provision of vari- 
ous features such as in particular the configuration of 
the aperture and the shape of the Interior of the air intake 
chamber at its lower end where the aperture 24a Is pro- 
vided. Herein, the configuration is preferably as de- 
scribed in connection with the various pictured embod- 
iments, 

[01 55] As is disclosed in this specification, a preferred 
embodiment of a fuel supply system is provided, Includ- 
ing: an air intake chamber is provided Including an air 
guide portion for guiding air; an air Intake path including 
an aperture that opens toward inside of the air Intake 
chamber for guiding the air in the air intake chamber 
from the aperture to an engine; and an injector provided 
Inside of the air intake chamber for injecting fuel be- 
tween the air guide portion and the aperture. In the air 
Intake path, an Innersurface of the aperture is structured 
continuous to a bottom surface of the air intake cham- 
ber. 

[0156] With such a structure, the fuel splashed over 
the bottom surface of the air intake chamber does not 
clog but flows into the air intake path because the inner 
surface of the aperture of the air intake path serving to 
direct the air In the air intake chamber to the engine Is 
formed continuous with the bottom surface of the air in- 
take chamber. Accordingly, in order to achieve the suf- 
ficient amount of fuel coming from the Injector, there Is 
no more need to control the amount of fuel to be injected 
from the injector, and to place the Injector closer to the 
aperture of the air intake path. What Is more, because 
the fuel is injected between the airgulde portion forguid- 
ing the air Into the air Intake chamber and the aperture 
of the air intake path, the fuel can be better atomized 
with the air Intake chamber efficiently used in space. 
This thus favorably facilitates atomization of fuel to be 
Injected from the injector, and the engine performance 
can be improved with sufficient fuel supply when an en- 
gine Is at the high speed and high load operation. 
[0157] According to a preferred embodiment, the fuel 
supply system has the air intake chamberwhose bottom 
surface is si oped down toward the outer e dge of th e ap- 



erture of the air intake path, 

[0158] With such a structure, the bottom surface of the 
airlntakechamberis sloped down toward the outer edge 
of the aperture of the air Intake path. Accordingly, when 
s the large amount of fuel is splashed overtfte bottom sur- 
face of the air intake chamber, the fuel will drip into the 
air intake path as fuel drops, whereby the Tuel can be 
prevented from clogging on the bottom surface with 
more certainty. 

io [0159] Preferably, the fuel supply system has the air 
intako chamber whose bottom surface is sloped at an 
angle a, p" ot preferably 45 degrees or less with respoct 
to a horizontal plane. 

[0160] Preferably, the angle ranges between 1 s to 

is 44", more preferably an upper range limit is 40°, 35°, 
30°, 25°, 20° or less. Also, preferably a lower range limit 
is 5°, 10", 15", 20 s , 25° or larger. By choice of a specific 
range, the best fuel transport performance can be 
achieved forthe desired type of Supply System, Engine 

20 and/or Vehicle. 

[01 61 ] With such a structure, the bottom surf ace of th e 
air intake chamber is sloped down preferably at the an- 
gle of 45 degrees or less with respect to the horizontal 
plane. Thus, when the large amount of fuel is splashed 

ss over the bottom surface of the air Intake chamber, the 
fuel will drip into the air intake path asfuel drops. More- 
over, thechange of cross sectional area between the air 
intake path and the upper part of the aperture of the air 
intake path Is increased, and the aperture of the air in- 

30 take path will be an open end of the pulsing waves to 
be generated in the air intake path, This thus reverses 
the propagation direction of the pulsing waves at the ap- 
erture, and thus more air and fuel can go to the engine. 
Moreover, the engine performance can be Improved to 

ss a greater degree. 

[0162] Preferably, the fuel supply system has the air 
Intake chamber having an airflow produced by the air 
guided from the air guide portion along the bottom sur- 
face toward the aperture. 

40 [0163] With such a structure, the air entered from the 
air guide portion produces an airflow flowing toward the 
aperture along the bottom surface. The fuel splashed 
overthe bottom surface of the air intake chamber Is thus 
vaporized without clogging, and flows from the aperture 

45 into the air Intake path. Accordingly, even if the bottom 
surface of the air intake chamber is not sloped down, 
the fuel is prevented from clogging on the bottom sur- 
face with more certainty. 

[0164] Preferably, the fuel supply system has the air 
so intake path including: a connection member thatforms 
the aperture, and goes through the bottom surface of 
the air i ntake chamb er from Inside of the air i ntake cham- 
ber toward outside; and a tubular member for establish- 
ing a connection with the connection member from the 
-55 outside of the air intake chamber, 

[0165] With such a structure, from outside of the air 
intake chamber, the tubular member is coupled to the 
connection member that externally goes through the 
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bottom surface of the air intake chamber from the inside 
of the air intake chamber. Such coupling increases as- 
sembly characteristics, and any components already in 
the market such as throttle body can be used as a tubu- 
lar member. 

[0166] Preferably, the fuel supply system has Ihe con- 
nection member made of an elastic material. 
[0167] With such a structure, because the connection 
member Is made of an elastic material, the connection 
member is easily changed in shape for attachment to 
the bottom surface of the air intake chamber, The inner 
surface of the aperture of the air intake path thus can 
be easily formed to be continuous with the bottom sur- 
face of thB air intake chamber. 
[0168] Preferably, the fuel supply system has the In- 
jector injecting the fuel from the vicinity of the air guide 
portion. 

[0169] With such a structure, the Injector injects the 
fuel from the vicinity of the air guide portion. It means 
that the fuel is injected from the position away from the 
engine, and thus the fuel atomlzatlon can be facilitated 
to a greater extent. 

[0170] Preferably, the fuel supply system has the in- 
jector injecting the fuel toward the aperture, 
[0171] With such a structure, the injector injects the 
fuel toward the aperture, and thus the fuel does not bub- 
ble over that much toward outside of the air intake palh. 
When the air intake path is plurally provided, the air-fuel 
ratio Is almost the same among the air intake paths. 
[0172] Preferably, the fuel supply system has the in- 
jector injecting the fuel with atlmingcomlng Into collision 
with shock waves that are generated in the engine and 
propagate through the air Intake path in the direction to- 
ward the air intake chamber. 

[0173] With such a structure, the Injector Injects the 
fuel with a timing coming into collision with the shock 
waves, and thus the fuel collided with the shock waves 
scatters, leading to fuel atomization with efficiency. 
[0174] Preferably, the fuei supply system has the in- 
jector Injecting the fuel with atiming coming intocollieion 
with the shock waves propagated into the air Intake 
chamber. 

[0175] With such a structure, the injector injects the 
fueiwlth atiming coming into collision with shock waves 
in the air Intake chamber, and thus the fuel collided with 
the shock waves scatters in the wide space of the air 
intake chamber, leading to fuel atomization with more 
efficiency. 

[0176] Preferably, the fuel supply system has the In- 
jector injecting the fuel with a timing when an air intake 
valve opens between the air Intake path and the engine. 
[0177] With such a structure, the injector injects the 
fuel with a timing when the air intake valve opens. Ac- 
cordingly, the fuel collides with the shock waves to be 
produced in the air intake path respons'rvely when the 
air intake valve opens, and thus the fuel atomization can 
be facilitated to a greater extent. 
[0178] Preferably, the fuel supply system has the air 



intake path in which a plurality of apertures are Included 
in the air intake chamber, and in the air Intake chamber, 
the bottom surface among the apertures is formed with 
an edge line. 

s [0179] With such a structure, the bottom surface 
among the apertures of a plurality of air intake paths is 
formed with an edge line. Thus, the fuel splashed over 
the bottom surface among the apertures flows', without 
clogging, into the aperture at both ends with boundary 

to of the edge line. Accordingly, in order to provide enough 
amount of fuel from the Injector, there is no more need 
to control the amount of fuel to be Injected from the in- 
jector, and to place Ihe Injector closer to the aperture of 
the air intake path. 

is [0180] Preferably, the fuel supply system has the air 
intake chamber In which an extended line of the edge 
line extends in the direction of the air guide portion. 
[0181] With such a structure, the extended line of Ihe 
edge lineextends in the direction of the air guide portion, 

20 and thus an airflow Is evenly produced along the bottom 
surface on the both sides of the edge line. This facilitates 
the fuel splashed over the bottom surface to vaporize, 
and more amount of fuel goes to the aperture. Accord- 
ingly, In order to provide enough amount of fuel from the 

25 Injector, there is no more need to control the amount of 
fuel to be injected from the Injector, and to place the in- 
jector closerto the aperture of the air intake path. 
[0182] Additionally o r altern atlvely to any embod im ent 
of the Invention as described above, an embodiment of 

30 afuel supplysystem is disclosed, Including: an atrolean- 
er Including an element for pu rify ing air com Ing from out- 
side; an air Intake path Including an aperture that opens 
toward Inside of the air cleaner for guiding the purified 
air from the aperture to the engine; and an injector for 

3s injecting fuel between the element and the aperture. In 
the air cleaner, a bottom surface between the element 
and the aperture of the air intake path Is sloped down 
toward the aperture, and In the air intake path, an Inner 
surface of the aperture is continuous from the bottom 

*> surface. 

[0183] Preferably, the air intake chamber forms part 
of the air cleaner, Preferably, the element Is located be- 
tween the intake chamber and the air guide portion. 
[0184] With such a structure, the bottom surface be- 

45 tweenthe element of the air cleaner and the apertureof 
the air Intake path is sloped down toward the aperture, 
and is continuous with the innersurface of the aperture. 
Thus, the fuel from the element of the air cleaner 
splashed over the bottom surface among the apertures 

so does not clog but flows into the air intake path. Accord- 
ingly, in Drderto inject the sufficient amount of fuel from 
the Injector, there is no more need to control the amount 
of fuel to be injected from the injector, and to place the 
injectorcloserto the aperture of the air intake path. What 

55 fe more, because the fuel is injected between the ele- 
ment and the aperture of the air Intake path, the fuel can 
be better atomized with the air cleaner efficiently used 
In space. This thus favorably facilitates atomization of 
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fuel to be injected from the Injector, and the engine per- 
formance can be improved with sufficient fuel supply 
when the engine Is at the high speed and high load op- 
eration. 

[01 85] Additionally or alternatively to any embo dfment 
of the invention as described above, an embodiment or 
a fuel supply system is disclosed, including: an air clean- 
er including an elementforpurifylng air coming from out- 
side; an air intake path including an aperture that opens 
toward Inside of ihe air cleaner for guiding the purified 
air from tho aperture to the engine; and an injector for 
injecting fuel between the elementandthe aperture. The 
air cleaner has such a structure that a bottom surface 
between the aperture and aft inner wall opposite to the 
element i ncluding the apertu re of the air i ntake path ther- 
ebetween Is sloped down toward the aperture, and the 
air intake path has an inner surface of the aperture 
formed continuous to the bottom surface. 
[0186] With such a structure, the bottom surface be- 
tween the aperture and the Inner wall opposite to the 
element with the aperture of the air intake path of the air 
cleaner placed therebetween is sloped down toward the 
aperture, and is continuous with the Inner surface of the 
aperture. Thus, the fuel from the inner wall at one end 
of the air cleaner splashed over the bottom surface be- 
tween the apertures does not clog but flows into the air 
Intake path. Accordingly, in order to Inject the sufficient 
amount of fuel from the injector, there is no more need 
to control the amount of fuel to be injected from the in- 
jector, and to place the injector closer to the aperture of 
the atr Intake path. What is more, because the fuel is 
injected between the element and the aperture of the air 
intake path, the fuel can be better atomized with the air 
cleaner efficiently used In space. This thus favorably fa- 
cilitates atomization of fuel lo be injecied from the injec- 
tor, and the engine performance can be improved with 
sufficient fuel supply when the engine Is at the high 
speed and high load operation. 
[01 87] Additionally or alternatively to any embodiment 
of the invention as described above, an embodiment of 
a fuel supply system is disclosed, Including; an air intake 
chamber including an element for purifying air coming 
from outside, and a through hole that is formed, to go 
through outside of the chamber, at the lowest portion of 
an inner surface of the chamber into which the air 
passed through Ihe element flows; an air intake path for 
guiding the air through the through hole from the air in- 
take chamber; and an Injector for Injecting fuel inside of 
the air inlake chamber toward a portion upper than the 
through hole. 

[0188] With such a structure, the air is directed to the 
air intake path from the through hole that is formed at 
the lowest position of ihe inner surface of the air Intake 
chamber, and the fuel is injected toward the part upper 
than the through hole. Therefore, the fuel splashed over 
the inner surface of the air intake chamber flows over 
the inner surface of the chamber into the air Intake path 
from the through hole, and the air having passed 



through the element is vaporized by the airflow flowing 
in the air intake chamber in its entirety. Accordingly, In 
order to Inject the sufficient amount of fuel from the in- 
jector, there is no more need to control the amount of 
s fuel to be injected from the injector, and to place the In- 
jector closer lo the air Intake path. What is more, be- 
cause Ihe fuel is injecied lo the part upper than the 
through hole, the fuel can be better atomized with the 
air Intake chamber efficiently used in space. This thus 
to favorably facilitates atomization of fuel to be injected 
from the injector, and the engine performance can be 
improved with sufficient fuel supply whan an engine is 
at the high speed and high load operation, 
[0189] According to a further preferred embodiment 
*s which, as every other embodiment, is combinable with 
any other embodiment, the fuel supply system has the 
air Intake chamber including a small-diameter portion 
formed by an inner edge wall surface of thelhrough hole 
protruding toward a center, and the air intake path in- 
so eludes: a connection member made of an elastic body 
for attachment to the small-diameter portion; and a tu- 
bular member for coupling to the connection member. 
[0190] With such a structure, the connection member 
made of an elastic body is attached to the small-diam- 
« eterportlon thai is formed bythe Inner edge wall surface 
of the through hole protruding toward the center, and 
this connection member is coupled with the tubular 
member so that the air intake path Is formed. Accord- 
ingly, any dimension error observed in tho through hole 
30 or tubular member can be absorbed by the connection 
member, and thus the air intake path Is closely attached 
to the through hole. Further.any vibrations of the tubular 
member are absorbed by the connection member, and 
thus vibration iransfer to the air Intake chamber can be 
suppressed. Accordingly, any vibrations of the engine 
can be prevented from being transferred from the tubu- 
lar member to the air intake chamber. Even if the injector 
is attached to the air inlake chamber, the fuel supply 
from the Injector can be stable. 
40 [0191] Preferably, the fuel supply system Is further 
provided with an engagementmemberforengaging be- 
tween the air intake chamber and the air intake path, 
and the tubular member is engaged by the engagement 
member from Ihe air Intake chamber, and the connec- 
ts tion member is partially hBld firmly by Ihe small-diameter 
portion and the tubular member. 
[0192] With such a structure, the tubular member is 
engaged by the engagement member from inside of the 
air intake chamber, and the connection member is par- 
se tlalfy held firmly by the small-diameter portion of the 
through hole and the tubular member. Accordingly, the 
connection member can be securely fixed by the small- 
diameter portion and the tubular member, and the air 
intake path can be shortened in length compared with 
55 an exemplary case of fixing together the connection 
member and the tubular member using a band for wrap- 
ping therearound. This thus favorably leads to system 
downsizing. 
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[0193] Preferably, the fuel supply system has the con- 
nection member Including a protrusl on th at protrudes in- 
tD the air intake chamber, and the protrusion covers a 
part of the engagement member. 
[0194] With such a structure, the protrusion protrud- 
ing into the air Intake chamber covers a part of Ihe en- 
gagement member. Accordingly, even ir the engage- 
ment member is loosened and comes off due to vibra- 
tions, the protrusion stops the engagement member not 
tD move, and the engagement member does not find its 
way to the air Intake path from the through holo. 
[01 95] As f urthe r expl aino'd above, acco rding to a fu r- 
ther embodiment of the invention, a vehicle Including a 
fuel supply system as disclosed in at least in one em- 
bodiment described in this specification, Is disclosed. 
[0196] Therefore, the vehicle can implement the 
same effects as the described fuel supply system, 
[01 97] According to a further preferred embodiment, 
the vehicle further Includes an air Intake port for captur- 
ing a running wind flowing from front to rear when the 
vehicle moves; and an air Intake duct for forwarding the 
captured ru nnlng wind to the air intake chamber. The air 
Intake chamber is placed rear to the air intake port. 
[0198] With such a structure, the air intake chamber 
is placed behind the air intake port for capturing the run- 
ning wind. Accordingly, the airflow in the air intake duct 
and the air intake chamber picks up momentum by the 
running wind, and thus the flow velocity of the airflow In 
the air Intake chamber is Increased, and the fuel 
splashed in the air Intake chamber can be vaporized to 
a greater extent. 

[0199] As described above, a fuel supply system Is 
provided, being of the structure, Including: an air Intake 
chamber Including an air guide portion for guiding air; 
an air Intake palh including an aperture that opens to- 
ward inside of the air intake chamber for guiding the air 
in the air intake chamber from the aperture to an engine; 
and an Injector provided Inside of the air intake chamber 
for injecting fuel between the air guide portion and the 
aperture, and In the air intake path, an inner surface of 
the aperture is continuous to a bottom surface of the air 
Intake chamber. 

[D200] Additionally or alternatively, a fuel supply sys- 
tem is provided being of ihe structure, including: an air 
intake chamber including an element for purifying air 
coming from outside, and a through hole that Is formed, 
to go through outside of the chamber, at the lowest por- 
tion of an inner surface of the chamber into which the 
air passed through the element flows; an air intake path 
for guiding the air through the through hole from the air 
intake chamber; and an Injector for Injecting fuel inside 
of the air intake chamber toward a portion upper than 
the through hole. 

[0201] Such structures eliminate the need for sup- 
pressing the amount of fuel coming from the Injector, or 
bringing the injector closer to the aperture of the air in- 
take path, successfully allowing sufficient fuel supply 
from the injector. What Is more, the fuel can be better 



atomized with the air Intake chamber efficiently used in 
space. This thus favorably facilitates atomizatlon of fuel 
to be injected from the injector, and the engine perform- 
ance can be Improved with sufficient fuel supply when 

s the engine Is at the high speed and high load operation. 
[0202] Accordingly, Tuel coming from Ihe injector can 
be better atomized, and the engine performance can be 
improved with sufficient fuel supply when the engine Is 
at the high speed and high load operation, 

10 [0203] As explained, one essential aspect of the In- 
vention is the shape of an aperture whose Innersurface 
on the air cleaner side In the air intake path is so formed 
as to be continuous to the bottom surface of the air 
cleaner so that fuel clogging can be prevented on the 

is bottom surface of the air cleaner. 

[0204] Asfuilherexplained above, in orderto facilitate 
atomizatlon of fuel to be injected from an Injector, and 
to Improve the engine performance with enough fuel 
supply when an engine is at the high speed and high 

20 load operation, a fuel supply system Is provided com- 
prising at least one of the following features or advan- 
tages: An aperture 24a of the air funnel 24 that opens 
toward inside of a main chamber 5b of an air cleaner 6 
has the same diameter as a through hole between a bot- 

& torn surface front portion 4d and a bottom surface rear 
portion 4e. The inner surface of the aperture 2^5 'J U:s 
air funnel 24 is curved to be continuous with berth tne 
bottom surface front portion 4d and the bottom surface 
rear portion 4e. That is, the area in the vicinity of the 

so aperture 24a of the air funnel 24 is formed to look like a 
funnel. With such a structure, the fuel splashed over the 
bottom surface of the air cleaner 5 flows, without clog- 
ging, from the air Tunnel 24 Into an air Intake path 9, 
There Is thus no more need to place the aperture 24a 

ss closer to an upstream injector 1B, and to control Ihe 
amount of fuel to be injected from the upstream injector 
18. 



*° Claims 

1. Fuel supply system, comprising: 

an air Intake chamber (Sb) having an air inlet 

4S opening; 

an air intake path (9) including an aperture 
(24a, 42a) that opens towards 
an Inside of the air intake chamber (5b) for guid- 
ing the air In the air Intake chamber (5b) from 

so the aperture (24a,42a) to an engine (13); and 

an injector (1 B) for injecting fuel between the air 
inlet opening and the aperture (24a,42a), char- 
acterized In that In trse air intake path (9), an 
Inner surface of the aperture (24a,42a) iscon- 

» tlnuous to a bottom surface (4d,4e) of the air 

intake chamber (5b). 

2. Fuel supply system according to claim 1 , charac- 
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terized in that the injector (18) fs provided Inside 
of the air intake chamber (Sb), and/or In that In the 
air intake chamber (5b), the bottom surface (4d,4e) 
is sloped downwardly towards an outer edge of the 
aperture (24a,42a) of the air intake path (9), where- s 
In preferably the bottom surface (4d,4e) Is sloped 
at an angle (a,p) of 45 degrees or less with respect 
to a horizontal plane (H). 

3. Fuel supply system according to claim 1 or 2, char- 10 
acterlzed In that the air intake chamber (5b) is con- 
figured to be capable of producing an airflow by the 

air from the air inlet opening along the bottom sur- 
face (4d,4e) toward the aperture (24a,42a). 

1S 

4. Fuel supply system according to at least one of the 
claims 1 to 3, characterized In that the air intake 
path (9) comprises: 

aconnection member (24,42) thatforms the ap- so 
erture (24a,42a) which preferably goes through 
the bottom surface (4d,4e) of the air intake 
chamber (5b) from an inside of the air intake 
chamber (5b) towards an outside thereof; and 
wherein preferably a tubular member (26) con- 25 
figured to establish a connection with the con- 
nection member (24) from the outside of the air 
Intake chamber (5b), and/orwhereln preferably 
the connection member (24,42) is made of an 
elastic material, so 

5. Fuel supply system according to at least one of the 
claims 1 to 4, characterized in that the Injector (18) 
Is configured to inject the fuel from a vicinity of the 

air inlet opening, and/or in that the Injector (1 8) is 35 
configured to inject the fuel toward the aperture 
(24a,42a). 

6. Fuel supply system according to at least one of the 
claims 1 to 5, characterized In thatthe injeotor(18) fo 
is configured to injecl the fuel with a timing coming 
into collision with a Shockwave that is generated In 
the engine (13) and which propagates through the 

air intake path (9) in a direction toward the air Intake 
chamber (5b), wherein preferably the injector (1 B) 45 
is configured to inject the fuel with a timing coming 
into collision with the shock wave propagated into 
the air Intake chamber (5b). 

7. Fuel supply system according to at least one of the so 
claims 1 to 6, characterized In thatthe injector (18) 

is configured to inject the fuel with a timing when an 
air intake valve (13b) opens between the air intake 
path (9) and the engine (13). 

55 

8. Fuel supply system according to at least one of the 
claims 1 to 7, characterized In that in the air intake 
path (9), the aperture (24a,42a) comprises a plural- 



ity of apertures (24a,42a) being included in the air 
intake chamber (5b), wherein preferably in the air 
Intake chamber (5b), a bottom surface (4d,4e) 
among the apertures Is formed with an edge line 
(4i), wherein further preferably In the air Intake 
chamber (5b), an extended line of Ihe edge line (4i) 
extends in a direction or the air inle! opening. 

9. Fuel supply system according to at least one of the 
claims 1 to 8, characterized In that the air intake 
chamber (5a) Is comprised in an air cleaner (5) In- 
cluding an element (8) for purifying air coming from 
outside, wherein preferably the element (B) is pro- 
vided upstream of the Injector (18) which is ar- 
ranged to Inject fuel between the element (8) and 
the aperture (24). 

10. Fuel supply system according to at least one of the 
claims 1 to 9, characterized in that in the air intake 
chamber (5b), a bottom surface (4d,4e) between 
the aperture (24a,42a) and an inner wail opposite 
to an element forpurlfylng intake air, the bottom sur- 
face (4d,4e) including the aperture (24a,42a) of the 
air intake path (9) therebetween Is sloped down- 
wardly towards the aperture (24a,42a), 

11. Fuel supply system according to at least one of the 
claims 1 to 10, characterized In thatthe air inlet 
opening comprises an air guide portion (4b) for 
guiding air at a section of the air intake chamber 
(5b) being upstream of the aperture (24a,42a), 
wherein, preferably, at least a part of the air guide 
portion (4b) Is provided upstream of the injector 
(18). 

12. Fuel supply system, In particular according to at 
least one of the claims 1 to 11 , characterized by 

comprising; 

an air Intake chamber (5b) Including an element 
(8) for purifying air coming from outside, and a 
through hole that is formed, to go through out- 
side of the intake chamber (5b), at a lowest por- 
tion of an inner surface of the intake chamber 
(5b) Into which the air passed through the ele- 
ment (8) flows; 

an air intake path (9) for guiding the air through 
the through hole from the air intake chamber 
(5b); and 

an injector (1 8) for Injecting fuel inside of the air 
intake chamber (5b) toward a portion upper 
than the through hole. 

13. Fuel supply system according to at least one of the 
claims 1 to 12, characterized In thatthe air Intake 
chamber (5b) Includes a small-diameter portion 
(4h) formed by an inner edge wall surface ol a 
through hole protruding toward a center, and/or the 
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air Intake path Includes; 

a connection member (24,42) made of an elas- 
tic material, for attachment to the small-diame- 
ter portion (4h); and 5 
a tubular member (26) for coupling lo the con- 
nection member (24,42). 

14. Fuel supply system according to at least one of the 
claims 1 to 13, characterized by further including io 
an engagement member (38) for engaging between 

the air intake chamber (5b) and the air intake path 
(9), wherein a tubular member (26) of the intake 
path (9) is engaged by the engagement member 
(38) from an inside of the air intake chamber (Sb), is 
and/or In that a connection member (24,42) con- 
necting the air Intake path (9) and the intake cham- 
ber (5b) is partially held firmly by the small-diameter 
portion (4h) and the tubular member (30). 

20 

15. Fuel supply system according to claim 14, charac- 
terized in that a connection member (24,42) In- 
cludes aprotruslon (24c,42c) that protrudes into the 
airintake chamber (5b), and wherein preferably the 
protrusion (24c,42c) covers at least partially the en- ss 
gagement member (38). 

16. Fuel supply system according to least one of the 
claims 1 to 1 5, characterized in that a second in- 
jector (30) Isarrangedtolnjectfuelintothealrlntake 30 
path (9) at a position downstream of the aperture 
(24a,42a). 

17. Fuel supply system according to at least one ofthe 
claims 1 to 16, characterized inthatathrottlevalve 3S 
(30) fs provided, which is positioned downstream of 

the aperture (24a,42a) and/or upstream ofthe sec- 
ond injector (30). 

18. Fuel supplysystem according to at least one ofthe 40 
claims 1 to 17, characterized in, that the injector 
(16) is provided to be located at leastpartially within 

the Intake chamber (5b). 

19. Fuel supply system according to at least one of the 45 
claims 1 to 18, characterized in that the Injector 
(18) is provided to be located at least partially out- 
side the Intake chamber (5b), 

20. Fuel supply system according to at least one of the so 
claims 1 to 18, characterized in that the injector 
(18) is provided to be located completely within the 
intake chamber (5b). 

21 . Vehicle, in particular being a straddle-type vehicle, ss 
comprising an englne(13) and afuel supplysystem, 
characterized inthatthefuei supplysystem Is con- 
figured according to at least one of the claims 1 to 



22. Vehicle according to claim 21 , characterized by 
further comprising: 

an air intake port for capturing a running wind 
flowing from rronl to rear when the vehicle 
moves; and 

an air intake duct (3) for forwarding the cap- 
tured running wind to an air inlet opening of the 
air intake chamber (5b), 
the air intake chamber (5b) preferably being 
placed rearwardly of the air intake port. 
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[FIG. 3] 
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[FIG. 4] 
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[FIG. 6] 
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[FIG. 7] 
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[FIG. 8] 
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[FIG. 9] 
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[FIG. 10] 
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[FIG. 11] 
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[FIG. 13] 
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